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increased research and development, effective technology trans-
fer, and other barriers to be overcome (Section 5 for details).

Hundreds of technologies and practices exist to reduce GHG
emissions from the buildings, transport, and industry sectors.
These energy efficiency options are responsible for more than
half of the total emission reduction potential of these sectors.
Efficiency improvements in material use (including recycling)
will also become more important in the longer term. The ener-
gy supply and conversion sector will remain dominated by
cheap and abundant fossil fuels. However, there is significant
emission reduction potential thanks to a shift from coal to nat-
ural gas, conversion efficiency improvement of power plants,
the expansion of distributed co-generation plants in industry,
commercial buildings and institutions, and CO, recovery and
sequestration. The continued use of nuclear power plants
(including their lifetime extension), and the application of
renewable energy sources could avoid some additional emis-
sions from fossil fuel use. Biomass from by-products and
wastes such as landfill gas are potentially important energy
sources that can be supplemented by energy crop production
where suitable land and water are available. Wind energy and
hydropower will also contribute, more so than solar energy
because of its relatively high costs. N,O and fluorinated GHG
reductions have already been achieved through major techno-
logical advances. Process changes, improved containment and
recovery, and the use of alternative compounds and technolo-
gies have been implemented. Potential for future reductions
exists, including process-related emissions from insulated foam
and semiconductor production and by-product emissions from
aluminium and HCFC-22. The potential for energy efficiency
improvements connected to the use of fluorinated gases is of a
similar magnitude to reductions of direct emissions. Soil carbon
sequestration, enteric CH, control, and conservation tillage can
all contribute to mitigating GHG emissions from agriculture.

Appropriate policies are required to realize these potentials.
Furthermore, on-going research and development is expected
to significantly widen the portfolio of technologies that provide
emission reduction options. Maintaining these R&D activities
together with technology transfer actions will be necessary if
the longer term potential as outlined in Table TS.1 is to be real-
ized. Balancing mitigation activities in the various sectors with
other goals, such as those related to DES, is key to ensuring
they are effective.

4 Technological and Economic Potential of
Options to Enhance, Maintain and
Manage Biological Carbon Reservoirs
and Geo-engineering

4.1 Mitigation through Terrestrial Ecosystem and

Land Management

Forests, agricultural lands, and other terrestrial ecosystems
offer significant, if often temporary, mitigation potential.
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Conservation and sequestration allow time for other options to
be further developed and implemented. The IPCC SAR esti-
mated that about 60 to 87GtC could be conserved or
sequestered in forests by the year 2050 and another 23 to
44GtC could be sequestered in agricultural soils. The current
assessment of the potential of biological mitigation options is
in the order of 100GtC (cumulative) by 2050, equivalent to
about 10% to 20% of projected fossil fuel emissions during
that period. In this section, biological mitigation measures in
terrestrial ecosystems are assessed, focusing on the mitigation
potential, ecological and environmental constraints, econom-
ics, and social considerations. Also, briefly, the so-called geo-
engineering options are discussed.

Increased carbon pools through the management of terrestrial
ecosystems can only partially offset fossil fuel emissions.
Moreover, larger C stocks may pose a risk for higher CO,
emissions in the future, if the C-conserving practices are dis-
continued. For example, abandoning fire control in forests, or
reverting to intensive tillage in agricuiture may result in a rapid
loss of at least part of the C accumulated during previous years.
However, using biomass as a fuel or wood to displace more
energy-intensive materials can provide permanent carbon mit-
igation benefits. It is useful to evaluate terrestrial sequestration
opportunities alongside emission reduction strategies, as both
approaches will likely be required to control atmospheric CO,
levels.

Carbon reservoirs in most ecosystems eventually approach
some maximum level. The total amount of carbon stored and/or
carbon emission avoided by a forest management project at any
given time is dependent on the specific management practices
(see Figure TS.6). Thus, an ecosystem depleted of carbon by
past events may have a high potential rate of carbon accumula-
tion, while one with a large carbon pool tends to have a low rate
of carbon sequestration. As ecosystems eventually approach
their maximum carbon pool, the sink (i.e., the rate of change of
the pool) will diminish. Although both the sequestration rate
and pool of carbon may be relatively high at some stages, they
cannot be maximized simultaneously. Thus, management
strategies for an ecosystem may depend on whether the goal is
to enhance short-term accumulation or to maintain the carbon
reservoirs through time. The ecologically achievable balance
between the two goals is constrained by disturbance history, site
productivity, and target time frame. For example, options to
maximize sequestration by 2010 may not maximize sequestra-
tion by 2020 or 2050; in some cases, maximizing sequestration
by 2010 may lead to lower carbon storage over time.

The effectiveness of C mitigation strategies, and the security of
expanded C pools, will be affected by future global changes,
but the impacts of these changes will vary by geographical
region, ecosystem type, and local abilities to adapt. For exam-
ple, increases in atmospheric CO,, changes in climate, modi-
fied nutrient cycles, and altered (either natural or human
induced disturbance) regimes can each have negative or posi-
tive effects on C pools in terrestrial ecosystems.
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Figure TS.6: Carbon balance from a hypothetical forest management project.

Note: The figure shows cumulative carbon-stock changes for a scenario involving afforestation and harvest for a mix of traditional forest products with some of
the harvest being used as a fuel. Values are illustrative of what might be observed in the southeastern USA or Central Europe. Regrowth restores carbon to the
forest and the (hypothetical) forest stand is harvested every 40 years, with some litter left on the ground to decay, and products accumulate or are disposed of in
landfills. These are net changes in that, for example, the diagram shows savings in fossil fuel emissions with respect to an alternative scenario that uses fossil
fuels and alternative, more energy-intensive products to provide the same services.

In the past, land management has often resulted in reduced C
pools, but in many regions like Western Europe, C pools have
now stabilized and are recovering. In most countries in tem-
perate and boreal regions forests are expanding, although cur-
rent C pools are still smaller than those in pre-industrial or pre-
historic times. While complete recovery of pre-historic C pools
is unlikely, there is potential for substantial increases in carbon
stocks. The Food and Agriculture Organization (FAO) and the
UN Economic Commission for Europe (ECE)’s statistics sug-
gest that the average net annual increment exceeded timber
fellings in managed boreal and temperate forests in the early
1990s. For example, C stocks in live tree biomass have
increased by 0.17GtC/yr in the USA and 0.11GtC/yr in
Western Europe, absorbing about 10% of global fossil CO,
emissions for that time period. Though these estimates do not
include changes in litter and soils, they illustrate that land sur-
faces play a significant and changing role in the atmospheric
carbon budget. Enhancing these carbon pools provides poten-
tially powerful opportunities for climate mitigation.

In some tropical countries, however, the average net loss of
forest carbon stocks continues, though rates of deforestation
may have declined slightly in the past decade. In agricultural
lands, options are now available to recover partially the C lost
during the conversion from forest or grasslands.

42 Social and Economic Considerations

Land is a precious and limited resource used for many purpos-
es in every country. The relationship of climate mitigation
strategies with other land uses may be competitive, neutral, or
symbiotic. An analysis of the literature suggests that C mitiga-

tion strategies can be pursued as one element of more compre-
hensive strategies aimed at sustainable development, where
increasing C stocks is but one of many objectives. Often, mea-
sures can be adopted within forestry, agriculture, and other
land uses to provide C mitigation and, at the same time, also
advance other social, economic, and environmental goals.
Carbon mitigation can provide additional value and income to
land management and rural development. Local solutions and
targets can be adapted to priorities of sustainable development
at national, regional, and global levels.

A key to making C mitigation activities effective and sustainable
is to balance it with other ecological and/or environmental, eco-
nomic, and social goals of land use. Many biological mitigation
strategies may be neutral or favourable for all three goals and
become accepted as “no regrets” or “win-win” solutions. In other
cases, compromises may be needed. Important potential environ-
mental impacts include effects on biodiversity, effects on amount
and quality of water resources (particularly where they are
already scarce), and long-term impacts on ecosystem productiv-
ity. Cumulative environmental, economic, and social impacts
could be assessed in individual projects and also from broader,
national and international perspectives. An important issue is
“leakage” — an expanded or conserved C pool in one area lead-
ing to increased emissions elsewhere. Social acceptance at the
local, national, and global levels may also influence how effec-
tively mitigation policies are implemented.

43 Mitigation Options

In tropical regions there are large opportunities for C mitiga-
tion, though they cannot be considered in isolation of broader
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policies in forestry, agriculture, and other sectors. Additionally,
options vary by social and economic conditions: in some
regions slowing or halting deforestation is the major mitigation
opportunity; in other regions, where deforestation rates have
declined to marginal levels, improved natural forest manage-
ment practices, afforestation, and reforestation of degraded
forests and wastelands are the most attractive opportunities.
However, the current mitigative capacity!! is often weak and
sufficient land and water is not always available.

Non-tropical countries also have opportunities to preserve
existing C pools, enhance C pools, or use biomass to offset fos-
sil fuel use. Examples of strategies include fire or insect control,
forest conservation, establishing fast-growing stands, changing
silvicultural practices, planting trees in urban areas, ameliorat-
ing waste management practices, managing agricultural lands
to store more C in soils, improving management of grazing
lands, and re-planting grasses or trees on cultivated lands.

Wood and other biological products play several important
roles in carbon mitigation: they act as a carbon reservoir; they
can replace construction materials that require more fossil fuel
input; and they can be burned in place of fossil fuels for renew-
able energy. Wood products already contribute somewhat to
climate mitigation, but if infrastructures and incentives can be
developed, wood and agricultural products may become a vital
element of a sustainable economy: they are among the few
renewable resources available on a large scale.

44 Criteria for Biological Carbon Mitigation Options
To develop strategies that mitigate atmospheric CO, and
advance other, equally important objectives, the following cri-
teria merit consideration:
*  potential contributions to C pools over time;
*  sustainability, security, resilience, permanence, and
robustness of the C pool maintained or created;
¢ compatibility with other land-use objectives;
* leakage and additionality issues;
*  economic costs;
* environmental impacts other than climate mitigation;
* social, cultural, and cross-cutting issues, as well as
issues of equity; and
* the system-wide effects on C flows in the energy and
materials sector.

Activities undertaken for other reasons may enhance mitiga-
tion. An obvious example is reduced rates of tropical defor-
estation. Furthermore, because wealthy countries generally
have a stable forest estate, it could be argued that economic
development is associated with activities that build up forest
carbon reservoirs.

1 Mitigative capacity: the social, political, and economic structures
and conditions that are required for effective mitigation.
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4.5 Economic Costs

Most studies suggest that the economic costs of some biologi-
cal carbon mitigation options, particularly forestry options, are
quite modest through a range. Cost estimates of biological mit-
igation reported to date vary significantly from US$0.1/tC to
about US$20/tC in several tropical countries and from US$20
to US$100/tC in non-tropical countries. Moreover the cost cal-
culations do not cover, in many instances, inter alia, costs for
infrastructure, appropriate discounting, monitoring, data col-
lection and interpretation, and opportunity costs of land and
maintenance, or other recurring costs, which are often exclud-
ed or overlooked. The lower end of the ranges are biased
downwards, but understanding and treatment of costs is
improving over time. Furthermore, in many cases biological
mitigation activities may have other positive impacts, such as
protecting tropical forests or creating new forests with positive
external environmental effects. However, costs rise as more
biological mitigation options are exercised and as the opportu-
nity costs of the land increases. Biological mitigation costs
appear to be lowest in developing countries and higher in
developed countries. If biological mitigation activities are
modest, leakage is likely to be small. However, the amount of
leakage could rise if biological mitigation activities became
large and widespread.

4.6 Marine Ecosystem and Geo-engineering

Marine ecosystems may also offer possibilities for removing
CO, from the atmosphere. The standing stock of C in the
marine biosphere is very small, however, and efforts could
focus, not on increasing biological C stocks, but on using bios-
pheric processes to remove C from the atmosphere and trans-
port it to the deep ocean. Some initial experiments have been
performed, but fundamental questions remain about the per-
manence and stability of C removals, and about unintended
consequences of the large-scale manipulations required to have
a significant impact on the atmosphere. In addition, the eco-
nomics of such approaches have not yet been determined.

Geo-engineering involves efforts to stabilize the climate sys-
tem by directly managing the energy balance of the earth,
thereby overcoming the enhanced greenhouse effect. Although
there appear to be possibilities for engineering the terrestrial
energy balance, human understanding of the system is still
rudimentary. The prospects of unanticipated consequences are
large, and it may not even be possible to engineer the regional
distribution of temperature, precipitation, etc. Geo-engineering
raises scientific and technical questions as well as many ethi-
cal, legal, and equity issues. And yet, some basic inquiry does
seem appropriate.

In practice, by the year 2010 mitigation in land use, land-use
change, and forestry activities can lead to significant mitiga-
tion of CO, emissions. Many of these activities are compatible
with, or complement, other objectives in managing land. The
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overall effects of altering marine ecosystems to act as carbon
sinks or of applying geo-engineering technology in climate
change mitigation remain unresolved and are not, therefore,
ready for near-term application.

5 Barriers, Opportunities, and Market
Potential of Technologies and Practices

5.1 Introduction

The transfer of technologies and practices that have the poten-
tial to reduce GHG emissions is often hampered by barriers!?
that slow their penetration. The opportunity!? to mitigate GHG
concentrations by removing or modifying barriers to or other-
wise accelerating the spread of technology may be viewed
within a framework of different potentials for GHG mitigation
(Figure TS.7). Starting at the bottom, one can imagine address-
ing barriers (often referred to as market failures) that relate to
markets, public policies, and other institutions that inhibit the
diffusion of technologies that are (or are projected to be) cost-
effective for users without reference to any GHG benefits they
may generate. Amelioration of this class of “market and insti-
tutional imperfections” would increase GHG mitigation
towards the level that is labelled as the “‘economic potential”.
The economic potential represents the level of GHG mitigation
that could be achieved if all technologies that are cost-effective
from the consumers’ point of view were implemented. Because
economic potential is evaluated from the consumer’s point of
view, we would evaluate cost-effectiveness using market prices
and the private rate of time discounting, and also take into
account consumers’ preferences regarding the acceptability of
the technologies’ performance characteristics.

Of course, elimination of all these market and institutional
barriers would not produce technology diffusion at the level of
the “technical potential”. The remaining barriers, which define
the gap between economic potential and technical potential,
are usefully placed in two groups separated by a socio-eco-
nomic potential. The first group consists of barriers derived
from people’s preferences and other social and cultural barri-
ers to the diffusion of new technology. That is, even if market
and institutional barriers are removed, some GHG-mitigating
technologies may not be widely used simply because people
do not like them, are too poor to afford them, or because exist-
ing social and cultural forces operate against their acceptance.
If, in addition to overcoming market and institutional barriers,
this second group of barriers could be overcome, what is
labelled as the “socio-economic potential” would be achieved.

12 A barrier is any obstacle to reaching a potential that can be over-
come by a policy, programme, or measure.

13 An opportunity is a situation or circumstance to decrease the gap
between the market potential of a technology or practice and the eco-
nomic, socio-economic, or technological potential.
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Thus, the socio-economic potential represents the level of
GHG mitigation that would be approached by overcoming
social and cultural obstacles to the use of technologies that are
cost-effective.

Finally, even if all market, institutional, social, and cultural
barriers were removed, some technologies might not be wide-
ly used simply because they are too expensive. Elimination of
this requirement would therefore take us up to the level of
“technological potential”, the maximum technologically feasi-
ble extent of GHG mitigation through technology diffusion.

An issue arises as to how to treat the relative environmental
costs of different technologies within this framework. Because
the purpose of the exercise is ultimately to identify opportuni-
ties for global climate change policies, the technology poten-
tials are defined without regard to GHG impacts. Costs and
benefits associated with other environmental impacts would be
part of the cost-effectiveness calculation underlying economic
potential only insofar as existing environmental regulations or
policies internalize these effects and thereby impose them on
consumers. Broader impacts might be ignored by consumers,
and hence not enter into the determination of economic poten-
tial, but they would be incorporated into a social cost-effec-
tiveness calculation. Thus, to the extent that other environmen-
tal benefits make certain technologies socially cost-effective,
even if they are not cost-effective from a consumer’s point of
view, the GHG benefits of diffusion of such technologies
would be incorporated in the socio-economic potential.

5.2 Sources of Barriers and Opportunities
Technological and social innovation is a complex process of
research, experimentation, learning, and development that can
contribute to GHG mitigation. Several theories and models
have been developed to understand its features, drivers, and
implications. New knowledge and human capital may result
from R&D spending, through learning by doing, and/or in an
evolutionary process. Most innovations require some social or
behavioural change on the part of users. Rapidly changing
economies, as well as social and institutional structures offer
opportunities for locking in to GHG-mitigative technologies
that may lead countries on to sustainable development path-
ways. The pathways will be influenced by the particular socio-
economic context that reflects prices, financing, international
trade, market structure, institutions, the provision of informa-
tion, and social, cultural, and behavioural factors; key elements
of these are described below.

Unstable macroeconomic conditions increase risk to private
investment and finance. Unsound government borrowing and
fiscal policy lead to chronic public deficits and low liquidity in
the private sector. Governments may also create perverse
microeconomic incentives that the encourage rent-seeking and
corruption, rather than the efficient use of resources. Trade bar-
riers that favour inefficient technologies, or prevent access to



